REGENTS PHYSICS WORKSHEET 2.2 2 UNIVERSAL GRAVITATION
ANSWERS

REGENTS PHYSICS W/ ORKSHEET 2.2 2 UNIVERSAL GRAVITATION ANSWERS: A COMPREHENSIVE GUIDE

REGENTS PHYSICS WORKSHEET 2.2 2 UNIVERSAL GRAVITATION ANSWERS ARE OFTEN SOUGHT AFTER BY STUDENTS GRAPPLING
WITH THE FUNDAMENTAL PRINCIPLES OF GRAVITATIONAL FORCE AS TAUGHT IN THE NEW YORK STATE REGENTS PHYSICS
CURRICULUM. THIS ARTICLE AIMS TO DEMYSTIFY THIS CRUCIAL TOPIC, PROVIDING DETAILED EXPLANATIONS, CLEAR EXAMPLES,
AND INSIGHTS INTO SOLVING COMMON PROBLEMS ENCOUNTERED IN WORKSHEET 2.2 2. W/E WILL DELVE INTO NEWTON'S LAW OF
UNIVERSAL GRAVITATION, EXPLORING ITS MATHEMATICAL FORMULATION AND PRACTICAL APPLICATIONS. UNDERSTANDING THE
INVERSE SQUARE LAW AND THE PROPORTIONALITY OF GRAVITATIONAL FORCE TO MASS IS KEY, AND WE’LL BREAK DOWN HOW
THESE CONCEPTS ARE APPLIED IN TYPICAL WORKSHEET SCENARIOS. W/HETHER YOU'RE STRUGGLING WITH CALCULATING
GRAVITATIONAL FORCE BETWEEN CELESTIAL BODIES OR UNDERSTANDING WEIGHT ON DIFFERENT PLANETS, THIS GUIDE IS DESIGNED
TO EQUIP YOU WITH THE KNOWLEDGE AND CONFIDENCE TO TACKLE ANY QUESTION. GET READY TO EXPLORE THE FORCES THAT
SHAPE OUR UNIVERSE!
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UNDERSTANDING NEWTON'S LAW OF UNIVERSAL GRAVITATION

AT THE HEART OF REGENTS PHYSICS \WORKSHEET 2.2 2 LIES NEWTON'S GROUNDBREAKING LAW OF UNIVERSAL GRAVITATION.
THIS LAW, A CORNERSTONE OF CLASSICAL MECHANICS, DESCRIBES THE ATTRACTIVE FORCE THAT EXISTS BETWEEN ANY TWO
OBJECTS POSSESSING MASS. TS NOT JUST ABOUT PLANETS AND STARS; THIS FORCE IS PRESENT BETWEEN YOU AND YOUR
CHAIR, YOUR PHONE AND THE TABLE, OR EVEN TWO SUBATOMIC PARTICLES. SIR ISAAC NEWTON'S GENIUS WAS IN RECOGNIZING
THIS UNIVERSAL PRINCIPLE AND FORMULATING IT INTO A PRECISE MATHEMATICAL EQUATION. THIS LAW ELEGANTLY EXPLAINS
WHY OBJECTS FALL TO THE EARTH, WHY THE MOON ORBITS OUR PLANET, AND WHY THE PLANETS REVOLVE AROUND THE SUN.
IT°S A TESTAMENT TO THE INTERCONNECTEDNESS OF THE COSMOS, ALL GOVERNED BY A SINGLE, ELEGANT FORCE.

BerFoRrE NE\X/TON, THE MOTION OF CELESTIAL BODIES WAS LARGELY A MYSTERY, EXPLAINED BY COMPLEX THEORIES AND DIVINE
INTERVENTION. NE\X/TON, HOWEVER, PROPOSED A PHYSICAL EXPLANATION, UNIFYING TERRESTRIAL AND CELESTIAL MECHANICS.
HE DEDUCED THAT THE SAME FORCE THAT CAUSES AN APPLE TO FALL FROM A TREE IS RESPONSIBLE FOR KEEPING THE MOON IN
ITS ORBIT. THIS REVOLUTIONARY IDEA, SUPPORTED BY HIS LAWS OF MOTION, TRANSFORMED OUR UNDERSTANDING OF THE
UNIVERSE. THE CONCEPT OF UNIVERSAL GRAVITATION IMPLIES THAT EVERY PARTICLE OF MATTER IN THE UNIVERSE ATTRACTS
EVERY OTHER PARTICLE WITH A FORCE. THIS ATTRACTION IS ALWAYS ATTRACTIVE, NEVER REPULSIVE, AND ACTS ALONG THE
LINE JOINING THE CENTERS OF THE TWO PARTICLES.

Key CoONCEPTS AND FORMULAS

TO EFFECTIVELY SOLVE PROBLEMS RELATED TO UNIVERSAL GRAVITATION, IT'S ESSENTIAL TO GRASP THE CORE CONCEPTS AND
THE GOVERNING FORMULA. THE PRIMARY EQUATION YOU’LL ENCOUNTER ON REGENTS PHYSICS W/ ORKSHEET 2.2 2 IS NEWTON'S
LAW ofF UNIVERSAL GRAVITATION:

F=GM1mM2)/r"2

LET’S BREAK DOWN EACH COMPONENT OF THIS VITAL EQUATION. ‘F’ REPRESENTS THE MAGNITUDE OF THE GRAVITATIONAL FORCE



BETWEEN THE TWO OBJECTS. THIS FORCE IS MEASURED IN NEwTONS (N). ‘G’ IS THE UNIVERSAL GRAVITATIONAL CONSTANT. |TS
VALUE IS APPROXIMATELY 6.674 %X 10”-11 N M?/kG2. THIS CONSTANT IS CRUCIAL BECAUSE IT BRIDGES THE GAP BETWEEN
THE MASSES AND DISTANCE AND THE RESULTING FORCE. IT'S A RELATIVELY SMALL NUMBER, WHICH EXPLAINS WHY WE DON'T
TYPICALLY NOTICE THE GRAVITATIONAL PULL BETWEEN EVERYDAY OBJECTS.

‘M1’ AND ‘M2’ REPRESENT THE MASSES OF THE TWO OBJECTS INVOLVED. THESE ARE TYPICALLY GIVEN IN KILOGRAMS (KG). THE
GRAVITATIONAL FORCE IS DIRECTLY PROPORTIONAL TO THE PRODUCT OF THESE MASSES. THIS MEANS IF YOU DOUBLE THE MASS
OF ONE OBJECT, THE GRAVITATIONAL FORCE DOUBLES. IF YOU DOUBLE BOTH MASSES, THE FORCE QUADRUPLES! CONVERSELY, IF
THE MASSES ARE VERY SMALL, THE GRAVITATIONAL FORCE WILL ALSO BE SMALL, WHICH IS WHY WE DON'T FEEL THE PULL OF A
DISTANT STAR ON OUR PERSON.

'R’ IS THE DISTANCE BETWEEN THE CENTERS OF THE TWO MASSES. THIS IS MEASURED IN METERS (M). THE 'R™2” IN THE
DENOMINATOR SIGNIFIES AN INVERSE SQUARE RELATIONSHIP. THIS IS PERHAPS THE MOST CRITICAL ASPECT FOR UNDERSTANDING
HOW GRAVITATIONAL FORCE CHANGES WITH DISTANCE. AS THE DISTANCE BETWEEN TWO OBJECTS INCREASES, THE
GRAVITATIONAL FORCE DECREASES RAPIDLY. SPECIFICALLY, IF YOU DOUBLE THE DISTANCE, THE FORCE BECOMES ONE-FOURTH
(1/2"2) OF ITS ORIGINAL VALUE. IF YOU TRIPLE THE DISTANCE, THE FORCE BECOMES ONE-NINTH (1/3"2). THIS INVERSE
SQUARE NATURE IS FUNDAMENTAL TO MANY PHYSICAL PHENOMENA, FROM LIGHT INTENSITY TO GRAVITATIONAL FIELDS.

DIReCT PROPORTIONALITY TO MASS

ONE OF THE MOST INTUITIVE ASPECTS OF UNIVERSAL GRAVITATION IS ITS DIRECT PROPORTIONALITY TO THE MASSES OF THE
INTERACTING OBJECTS. THIS MEANS THAT THE MORE MASSIVE AN OBJECT IS, THE STRONGER ITS GRAVITATIONAL PULL. IMAGINE
THE EARTH COMPARED TO A SMALL PEBBLE. | HE EARTH, WITH ITS ENORMOUS MASS, EXERTS A SIGNIFICANT GRAVITATIONAL
FORCE ON EVERYTHING AROUND IT, INCLUDING US, KEEPING US GROUNDED. THE PEBBLE, WHILE ALSO EXERTING A GRAVITATIONAL
FORCE, IS SO MINUSCULE THAT ITS EFFECT IS IMPERCEPTIBLE. \WHEN SOLVING PROBLEMS, ALWAYS REMEMBER THAT INCREASING
THE MASS OF EITHER OBJECT WILL INCREASE THE GRAVITATIONAL FORCE BETWEEN THEM PROPORTIONALLY.

INVERSE SQUARE LAW

THE INVERSE SQUARE LAW IS WHERE THINGS GET PARTICULARLY INTERESTING AND SOMETIMES A BIT TRICKY FOR STUDENTS. IT
DICTATES THAT THE GRAVITATIONAL FORCE WEAKENS WITH THE SQUARE OF THE DISTANCE BETWEEN THE CENTERS OF THE TWO
OBJECTS. THIS IS NOT A LINEAR DECREASE;, IT'S MUCH MORE DRAMATIC. THINK ABOUT A LIGHT BULB. AS YOU MOVE FURTHER
AWAY FROM IT, THE LIGHT INTENSITY DROPS OFF QUICKLY. THE SAME PRINCIPLE APPLIES TO GRAVITY. IF YOU WERE TO DOUBLE
THE DISTANCE BETWEEN THE EARTH AND THE MOON, THE GRAVITATIONAL FORCE BETWEEN THEM WOULD NOT BE HALVED, BUT
REDUCED TO ONE-FOURTH OF ITS ORIGINAL STRENGTH. THIS RAPID DECREASE IS WHY THE GRAVITATIONAL INFLUENCE OF
DISTANT STARS IS NEGLIGIBLE COMPARED TO THAT OF OUR SUN.

THe GRAVITATIONAL ConsTANT (G)

THE UNIVERSAL GRAVITATIONAL CONSTANT, ‘G’, IS THE MVP OF THE EQUATION. IT'S A FUNDAMENTAL CONSTANT OF NATURE,
MEANING IT'S BELIEVED TO BE THE SAME EVERYWHERE IN THE UNIVERSE AND DOESN'T CHANGE. | TS INCREDIBLY SMALL VALUE
(6.674 x 10"-11 N M?/kG?) HIGHLIGHTS THAT GRAVITY IS A RELATIVELY WEAK FORCE COMPARED TO OTHERS LIKE
ELECTROMAGNETISM, ESPECIALLY WHEN DEALING WITH EVERYDAY MASSES. HOWEVER, DUE TO THE IMMENSE MASSES OF
CELESTIAL BODIES LIKE PLANETS AND STARS, THEIR GRAVITATIONAL FORCES BECOME DOMINANT ON COSMIC SCALES. W/HEN
PERFORMING CALCULATIONS, ENSURE YOU USE THE CORRECT VALUE FOR G AND PAY CLOSE ATTENTION TO ITS UNITS TO AVOID
ERRORS.



SoLVING CoMMON REGENTS PHYSICS \W ORKSHEET 2.2 2 PROBLEMS

REGENTS PHYSICS WORKSHEET 2.2 2 TYPICALLY PRESENTS A VARIETY OF PROBLEMS THAT TEST YOUR UNDERSTANDING OF
NewToN's LAw oF UNIVERSAL GRAVITATION. THESE PROBLEMS OFTEN FALL INTO A FEW KEY CATEGORIES, FROM DIRECT
CALCULATION OF FORCE TO COMPARING FORCES AT DIFFERENT DISTANCES OR WITH DIFFERENT MASSES. THE KEY TO SUCCESS IS
A METHODICAL APPROACH, BREAKING DOWN THE PROBLEM INTO ITS CONSTITUENT PARTS AND APPLYING THE FORMULA
CORRECTLY.

ONE OF THE MOST COMMON TYPES OF PROBLEMS INVOLVES CALCULATING THE GRAVITATIONAL FORCE BETWEEN TWO
CELESTIAL BODIES, SUCH AS THE EARTH AND THE MOON, OR TWO STARS. IN THESE CASES, YOU'LL BE GIVEN THE MASSES OF THE
OBJECTS AND THE DISTANCE BETWEEN THEIR CENTERS. YOUR TASK IS TO PLUG THESE VALUES INTO THE FORMULA F = G (M]
MQ) / R™2.IT’'S CRUCIAL TO ENSURE THAT ALL UNITS ARE CONSISTENT, MEANING MASSES ARE IN KILOGRAMS AND DISTANCES
ARE IN METERS. OFTEN/ YOU MIGHT BE GIVEN DISTANCES IN KILOMETERS OR MASSES IN TONS, REQUIRING A UNIT CONVERSION STEP
BEFORE YOU CAN USE THE FORMULA.

ANOTHER COMMON SCENARIO INVOLVES COMPARING GRAVITATIONAL FORCES. YOU MIGHT BE ASKED HOW THE FORCE CHANGES IF
THE DISTANCE IS DOUBLED OR IF ONE OF THE MASSES IS INCREASED. T HESE PROBLEMS OFTEN DON'T REQUIRE YOU TO CALCULATE
THE EXACT FORCE BUT RATHER TO DETERMINE THE RATIO OF FORCES. FOR INSTANCE, IF THE DISTANCE IS DOUBLED, THE NEW
FORCE WILL BE (1/2)/\2 = ]/4 OF THE ORIGINAL FORCE. THESE PROBLEMS ARE EXCELLENT FOR TESTING CONCEPTUAL
UNDERSTANDING OF THE INVERSE SQUARE LAWY AND PROPORTIONALITY.

CALCULATING GRAVITATIONAL FORCE

\W/HEN ASKED TO CALCULATE THE GRAVITATIONAL FORCE, THE PROCESS IS STRAIGHTFORW ARD BUT REQUIRES CAREFUL
ATTENTION TO DETAIL.

e [DENTIFY THE MASSES OF THE TWO OBJECTS (M1 AND M2). ENSURE THEY ARE IN KILOGRAMS.

o DETERMINE THE DISTANCE BETWEEN THE CENTERS OF THE TWO OBJECTS (R). ENSURE IT IS IN METERS.
® RECALL THE UNIVERSAL GRAVITATIONAL CONSTANT (G = 6.674 x 10™-11 N M?/kG2).

e SUBSTITUTE THESE VALUES INTO THE FORMULA: F = G (M1 M2) / R%.

® PERFORM THE CALCULATION, PAYING CLOSE ATTENTION TO SCIENTIFIC NOTATION.

STATE YOUR ANSWER WITH THE CORRECT UNITS (NE\X/TONS).

FOR EXAMPLE, IF YOU'RE ASKED TO FIND THE GRAVITATIONAL FORCE BETWEEN THE EARTH (MASS & 5.972 X 10”24 kG) AND
A 1000 KG SATELLITE IN ORBIT AT AN AVERAGE DISTANCE OF 6.37 1 X 10™6 METERS FROM EARTH'S CENTER, YOU WOULD
PLUG THESE VALUES IN. IT'S GOOD PRACTICE TO USE A CALCULATOR THAT HANDLES SCIENTIFIC NOTATION ACCURATELY.

UNDERSTANDING WEIGHT AND GRAVITATIONAL FORCE

\WEIGHT IS ESSENTIALLY THE GRAVITATIONAL FORCE EXERTED ON AN OBJECT BY A CELESTIAL BODY. THE FORMULA FOR WEIGHT
IS W = MG, WHERE ‘M’ IS THE MASS OF THE OBJECT AND ‘G’ IS THE ACCELERATION DUE TO GRAVITY. ON EARTH'S SURFACE, ‘G’
IS APPROXIMATELY 9.8 M/s% HOWEVER, ‘G’ VARIES DEPENDING ON THE MASS AND RADIUS OF THE PLANET. REGENTS PHYSICS
\W/ ORKSHEET 2.2 2 MIGHT ASK YOU TO CALCULATE AN OBJECT'S WEIGHT ON THE MOON OR MARS, WHERE THE ACCELERATION
DUE TO GRAVITY IS DIFFERENT FROM EARTH'S. YOU CAN ALSO DERIVE ‘G’ FOR A CELESTIAL BODY USING NEWTON's LAW oOF
UNIVERSAL GRAVITATION: G = G M / R"2, WHERE ‘M’ IS THE MASS OF THE CELESTIAL BODY AND 'R’ IS ITS RADIUS.



THIS CONNECTION BETWEEN WEIGHT AND UNIVERSAL GRAVITATION IS PROFOUND. | T EXPLAINS WHY ASTRONAUTS WEIGH LESS
ON THE MOON. THE MOON HAS A SMALLER MASS THAN EARTH/ AND THEREFORE A WEAKER GRAVITATIONAL PULL, RESULTING IN
A LOWER VALUE FOR ‘G’ ON ITS SURFACE. WHEN SOLVING THESE PROBLEMS, YOU MIGHT FIRST CALCULATE THE ‘G’ FOR THE
OTHER CELESTIAL BODY USING ITS MASS AND RADIUS, AND THEN USE THAT ‘G’ TO FIND THE OB_JECT/S WEIGHT ON THAT BODY.

CoMPARING GRAVITATIONAL FORCES

PROBLEMS THAT ASK YOU TO COMPARE FORCES OFTEN INVOLVE SETTING UP RATIOS. SUPPOSE YOU HAVE TWO SCENARIOS:
SCENARIO 1 WITH MASSES M1 AND M2 AT DISTANCE R, AND SCENARIO 2 WITH THE SAME MASSES BUT AT DISTANCE 2R. THE
FORCE IN SCENARIO T1SF1 =G (M1 M2) / R"2. THE FORCE IN SCENARIO 215 F2 =G (M1 M2) [/ (2R)*2 =G (M1 M2) /
(4r"2). To COMPARE, YOU CAN SEE THAT F2 = (1/4) F1. THE FORCE IN SCENARIO 2 IS ONE-FOURTH THE FORCE IN SCENARIO
1. THIS HIGHLIGHTS THE POWER OF THE INVERSE SQUARE LAW — A DOUBLING OF DISTANCE RESULTS IN A QUARTERING OF THE
FORCE.

PRACTICE SCENARIOS AND STEP-BY-STEP SOLUTIONS

LET'S WALK THROUGH A COUPLE OF TYPICAL SCENARIOS YOU MIGHT FIND ON REGENTS PHYSICS W ORKSHEET 2.2 2 TO
SOLIDIFY YOUR UNDERSTANDING. THESE EXAMPLES WILL DEMONSTRATE THE APPLICATION OF THE FORMULAS AND THE REASONING
PROCESS INVOLVED.

SceNARIO 1: Force BETWEEN Two OBJECTS

ProBLEM: CALCULATE THE GRAVITATIONAL FORCE BETWEEN TWO IDENTICAL BOWLING BALLS, EACH WITH A MASS OF 6.0 kG,
PLACED SO THAT THEIR CENTERS ARE 0.50 METERS APART.

SOLUTION:

1. IDENTIFY THE GIVEN VALUES:

oMl =06.0ka
o M2=06.0kaG
o r=0.50M™

o

G=6.674 %1011 NM?/kG?

2. APPLY THE FORMULA FOR UNIVERSAL GRAVITATION:
F=GMImM2)/r"2
3. SUBSTITUTE THE VALUES:
F=(6.674%10"-11Nm?/ke?) (6.0kG 6.0ks) / (0.50 M)"*2
4. CALCULATE THE PRODUCT OF MASSES:

M1 M2 =36 kG2



5. CALCULATE THE SQUARE OF THE DISTANCE:
R*2 =(0.50mM)"2 =0.25 m?
6. Now, PERFORM THE FULL CALCULATION:

F=(6.674%10"-11Nm?/kc?) (36 kc?) [ (0.25 m?)
F=(6.674x10"11) 144N
F~9.61x 109N

7. THE GRAVITATIONAL FORCE BETWEEN THE TWO BOWLING BALLS IS APPROXIMATELY 9.6 1 X 10”-9 NewTons. NoTIce
HOW SMALL THIS FORCE IS, AS EXPECTED FOR EVERYDAY OBJECTS.

SCENARIO 2: WEIGHT ON ANOTHER PLANET

PROBLEM: AN ASTRONAUT HAS A MASS OF 75 KG. IF THE ACCELERATION DUE TO GRAVITY ON THE SURFACE OF MARS IS
APPROXIMATELY 3.7 1 M/S2, WHAT IS THE ASTRONAUT'S WEIGHT ON MARS?

SOLUTION:

1. IDENTIFY THE GIVEN VALUES:

o Mass ofF ASTRONAUT (M) = 75 kG

o ACCELERATION DUE TO GRAVITY ON MARS (G_Mars) = 3.7 1 M/s?

2. USE THE FORMULA FOR WEIGHT:

WEIGHT (W) = MASS (M) X ACCELERATION DUE TO GRAVITY (G)
3. SUBSTITUTE THE VALUES FOR THE ASTRONAUT ON MARS:

W _Mars = 75 kG 3.7 1 m/s?
4. CALCULATE THE WEIGHT:

W _Mars ~ 278.25 N

5. THE ASTRONAUT’'S WEIGHT ON MARS WOULD BE APPROXIMATELY 278.25 NEWTONS. THIS IS SIGNIFICANTLY LESS
THAN THEIR WEIGHT ON EARTH (APPROXIMATELY 735 N), DEMONSTRATING THE EFFECT OF DIFFERENT GRAVITATIONAL
FORCES.

THESE EXAMPLES ILLUSTRATE THE SYSTEMATIC APPROACH NEEDED. ALWAYS START BY IDENTIFYING YOUR KNOWNS AND
UNKNOWNS, SELECT THE APPROPRIATE FORMULA, AND THEN SUBSTITUTE AND CALCULATE CAREFULLY. DON'T UNDERESTIMATE
THE POWER OF UNIT CONVERSIONS AND SCIENTIFIC NOTATION WHEN DEALING WITH ASTRONOMICAL SCALES!



SceNARIO 3: COMPARING GRAVITATIONAL FORCES AT DIFFERENT DISTANCES

PROBLEM: TWO OBJECTS ARE SEPARATED BY A DISTANCE /D,, AND THE GRAVITATIONAL FORCE BETWEEN THEM IS F. IF THE
DISTANCE BETWEEN THE OBJECTS IS INCREASED TO 3D/ WHAT IS THE NEW GRAVITATIONAL FORCE IN TERMS OF F?

SoLUTIoN:

1. START WITH THE INITIAL SCENARIO:
F=GM1m2)/0"2

2. Now CONSIDER THE NEW SCENARIO WHERE THE DISTANCE IS 3D. THE MASSES M1 AND M2 REMAIN THE SAME.
F new=G(M1M2)/(3D)"2

3. EXPAND THE DENOMINATOR:
F New =G (M1 mM2)/(90"2)

4. \WE CAN REWRITE F_NEW BY FACTORING oUT 1/9:
F new =(1/9) [G (M1 M2) / p"2]

5. RECOGNIZE THAT THE TERM IN THE BRACKETS IS THE ORIGINAL FORCE, F:
F new=(1/9)F

6. THEREFORE, WHEN THE DISTANCE BETWEEN THE OBJECTS IS INCREASED TO 3D, THE NEW GRAVITATIONAL FORCE IS ]/9
OF THE ORIGINAL FORCE.

THIS PROBLEM EMPHASIZES THE INVERSE SQUARE LAW. TRIPLING THE DISTANCE REDUCES THE FORCE BY A FACTOR OF 3
SQUARED, WHICH IS 9.

FREQUENTLY AskeD QUESTIONS ABOUT REGENTS PHYSICS W/ ORKSHEET 2.2
2 UNIVERSAL GRAVITATION ANSWERS

Q: WHAT IS THE FUNDAMENTAL PRINCIPLE BEHIND REGENTS PHYSICS W/ ORKSHEET 2.2
2?

A: THE FUNDAMENTAL PRINCIPLE 1S NEWTON'S LAW OF UNIVERSAL GRAVITATION, WHICH STATES THAT EVERY PARTICLE OF
MATTER IN THE UNIVERSE ATTRACTS EVERY OTHER PARTICLE WITH A FORCE THAT IS DIRECTLY PROPORTIONAL TO THE PRODUCT
OF THEIR MASSES AND INVERSELY PROPORTIONAL TO THE SQUARE OF THE DISTANCE BETWEEN THEIR CENTERS.

Q: WHAT ARE THE KEY VARIABLES IN NEWTON'S LAW oF UNIVERSAL GRAVITATION?

A: THE KEY VARIABLES ARE THE GRAVITATIONAL FORCE (F), THE UNIVERSAL GRAVITATIONAL CONSTANT (G), THE MASSES OF
THE TwWO OBJECTS (M1 AND M2), AND THE DISTANCE BETWEEN THEIR CENTERS (R).



Q: WHY IS THE GRAVITATIONAL CONSTANT (G) SO SMALL?P

A: THE UNIVERSAL GRAVITATIONAL CONSTANT (G = 6.674 X 10™-11 N M2/kG?) IS VERY SMALL BECAUSE GRAVITATIONAL
FORCE IS A RELATIVELY WEAK FORCE COMPARED TO OTHERS, ESPECIALLY AT THE SCALE OF EVERYDAY OBJECTS. SIGNIFICANT
GRAVITATIONAL FORCES ARE OBSERVED PRIMARILY WHEN DEALING WITH VERY LARGE MASSES, LIKE PLANETS AND STARS.

QZ How DOES INCREASING THE MASS OF AN OBJECT AFFECT GRAVITATIONAL FORCEP

A: INCREASING THE MASS OF ONE OR BOTH OBJECTS DIRECTLY INCREASES THE GRAVITATIONAL FORCE BETWEEN THEM,
ACCORDING TO THE FORMULA F = G (M1 M2) / R™2. THE FORCE IS DIRECTLY PROPORTIONAL TO THE PRODUCT OF THE MASSES.

Q: WHAT DOES THE “INVERSE SQUARE LAW" MEAN IN TERMS OF GRAVITATIONAL
FORCE?

A: THE "“INVERSE SQUARE LAW" MEANS THAT THE GRAVITATIONAL FORCE DECREASES RAPIDLY AS THE DISTANCE BETWEEN
OBJECTS INCREASES. |F YOU DOUBLE THE DISTANCE, THE FORCE BECOMES FOUR TIMES WEAKER (1/22); IF YOU TRIPLE THE
DISTANCE, IT BECOMES NINE TIMES WEAKER (1/32).

Q: How 1S AN OBJECT’S WEIGHT RELATED TO UNIVERSAL GRAVITATION?

A: AN OBJECTIS WEIGHT IS THE GRAVITATIONAL FORCE EXERTED ON IT BY A CELESTIAL BODY. THE FORMULA FOR WEIGHT IS W/
= MG, WHERE '™ IS THE OBJECT/S MASS AND ‘G’ IS THE ACCELERATION DUE TO GRAVITY OF THE CELESTIAL BODY. THIS ‘G’ IS
ITSELF DETERMINED BY THE CELESTIAL BODY'S MASS AND RADIUS VIA NEWTON'S LAW OF UNIVERSAL GRAVITATION.

Q: WHAT UNITS ARE TYPICALLY USED FOR MASS AND DISTANCE WHEN APPLYING
NewToN’s LAW ofF UNIVERSAL GRAVITATION?

A: FOR CONSISTENCY AND CORRECT RESULTS IN CALCULATIONS, MASSES SHOULD BE IN KILOGRAMS (KG) AND DISTANCES
SHOULD BE IN METERS (M).

Q: CAN | USE REGENTS PHYSICS W ORKSHEET 2.2 2 ANSWERS TO CHECK MY WORK?

A: YES, IF YOU HAVE ACCESS TO AN ANSWER KEY FOR REGENTS PHYSICS W ORKSHEET 2.2 2, IT IS AN EXCELLENT TOOL TO
VERIFY YOUR CALCULATIONS AND UNDERSTANDING OF THE CONCEPTS. HOWEVER, IT'S CRUCIAL TO TRY SOLVING THE PROBLEMS
YOURSELF FIRST BEFORE LOOKING AT THE ANSWERS TO TRULY LEARN THE MATERIAL.

Q: WHAT SHoULD | DO IF |'M CONSISTENTLY STRUGGLING WITH THESE PROBLEMS?

A: IF YOU'RE CONSISTENTLY STRUGGLING, REVISIT THE CORE CONCEPTS, RE-READ EXPLANATIONS, PRACTICE MORE EXAMPLES,
AND CONSIDER SEEKING HELP FROM YOUR TEACHER OR CLASSMATES. BREAKING DOWN PROBLEMS INTO SMALLER STEPS AND
UNDERSTANDING EACH COMPONENT OF THE FORMULA IS KEY.
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